Introduction
Data from many studies indicate that smokers have less healthful diets than nonsmokers. A recent meta-analysis of the associations of smoking with nutrient intakes, using data from 51 surveys in 15 countries, found that smokers had significantly higher intakes of energy, total fat, saturated fat, dietary cholesterol, and alcohol, and significantly lower intakes of polyunsaturated fatty acids (PFA), fibre, vitamin C, vitamin E, beta carotene, iron, and calcium than nonsmokers. 3 Protein and carbohydrate intakes did not differ significantly between smokers and nonsmokers. 3 Consistent with the results of this meta-analysis, smokers have also reported consuming fewer fruits and vegetables than nonsmokers in many studies. 1, 5, 6, 8, 9, 11, 12, 15, 16, 18, 20, 24, 27, 28, [34] [35] [36] 41, 42, [50] [51] [52] [53] [54] [55] [56] [57] While the associations of smoking with nutrient intakes and consumption of specific foods have been examined in samples from several countries, most reports have been on samples from the United States (US), [1] [2] [3] [4] 7, 8, 10, 30, 32, 33, 35, 36, [41] [42] [43] [44] [46] [47] [48] 54, 56 United Kingdom (UK), 3, 17, 26, 28, 29, 31, 37, 38, 45, 49, [51] [52] [53] other European countries, 3, 6, 9, 12, 13, 15, 18, [20] [21] [22] [25] [26] [27] 34, 40, 50, 57 Canada, 3, 5, 16 or Australia. 3, 19, 39 Only two studies have reported results from Chinese or Japanese samples. 11, 55 In addition, associations of smoking with several nutrients have not been examined extensively in other studies, including intakes of omega 3 and omega 6 PFA, animal and vegetable protein, vitamin D, thiamine, riboflavin, niacin, folate, vitamin B 6 , vitamin B 12 , phosphorus, magnesium, potassium, and sodium.
The present report examines dietary intakes in smokers, ex-smokers, and never smokers in the INTERMAP study of nutrients and blood pressure. INTERMAP, with its 17 population samples from Japan, People's Republic of China (PRC), UK, and US and its high-quality, standardized methods of dietary data collection, represents a unique opportunity to examine and compare associations of smoking with nutrient intakes across four countries, including associations with several nutrients not extensively examined previously.
Participants and methods

Participants
INTERMAP is an international epidemiologic study on relations of macronutrients, micronutrients, other dietary factors to blood pressure. [58] [59] [60] It involves 4680 men and women aged 40-59 years from 17 population samples, four in Japan, three in the PRC, two in the UK, and eight in the US. Each sample was selected randomly from a population list, stratified by age and gender, to give approximately equal numbers in each of four 10-year age-gender groups.
Each participant attended the local INTERMAP research centre on four occasions: two visits were on consecutive days, with a further two visits on consecutive days 3-6 weeks later. Wherever possible, one visit by each participant included a weekend day (or an equivalent rest day) according to work schedule.
A supplementary participant was recruited from the same sample age and sex group, if: diet data were considered unreliable by the diet interviewer and the centre nutritionist; energy intake from any 24-h dietary recall was below 500 kcal/day or inordinately high (X5000 kcal/day for women and X8000 kcal for men); two complete urine collections were not available; or data on blood pressure and other key variables were incomplete or missing.
Data collection
All data were collected by trained and certified staff. 58 Dietary data were collected at each of the four visits with the 24-h recall method. 59 All foods and drinks consumed in the previous 24 h, including dietary supplements, were recorded in an interview by a trained dietary interviewer. To aid accurate recall, food and drink models, measuring devices, and photographs were used. Interviewers used neutral probing techniques to check completeness. In the US, dietary information was directly computerized, with use of a program to guide on-screen coding; 59 in the other three countries, data were first entered onto standard forms, then coded and computerized. The Nutrition Coordinating Center (NCC) in Minneapolis provided nutrient content of foods not included in national nutrient databases in each of the four countries, and checked and updated data on other foods.
Daily alcohol consumption over the previous 7 daysFand, for abstainers, information on previous drinkingFwas obtained by interview twice, at the first and third visits. Consumption during the previous 24 h was also obtained during each of the four 24-h dietary interviews.
Two timed 24-h urine specimens were collected for measurement of urinary sodium (Na), potassium (K), creatinine, urea, amino acids, microalbuminuria, magnesium, calcium, etc. 58, 59 Timed collections were started at the research centre on the first and third visits, and completed at the centre the following day. Urine aliquots were stored frozen at À201C, before being shipped frozen to the Central Laboratory at St Raphael University in Leuven, Belgium, where analyses were performed with strict internal and external quality control. Sodium and potassium concentrations were measured by emission flame photometry, 61 creatinine by the modified Jaffe method, 62 and urea by auto-analyzer, with use of an adaptation of the Fearon condensation method. Individual sodium, potassium, and urea excretion values were the product of concentrations in the urine and urinary volume corrected to 24 h.
Height and weight without shoes were measured at first and third visits. Body mass index (BMI) was calculated at each of the two visits as weight divided by height squared (kg/m 2 ). Data on demographic and other factors, including education, occupation, leisure-time and work physical activity, smoking, previous medical history, current special diet, medication use, andFfor womenFdata on contraceptive pill use, menopause, and parity, were collected by intervieweradministered questionnaire.
Statistical methods
Dietary data were converted into nutrients with use of country-specific food tables enhanced by NCC. Total energy intake was estimated from conversion factorsFfat: 9 kcal/g; protein: 4 kcal/g; available carbohydrate: 4 kcal/g; alcohol: 7 kcal/g. For these analyses, dietary data were expressed as nutrient densities, calculated as follows: for nutrients supplying energy, as per cent of total kilocalories, that is, (kcal from nutrient/total kcal) Â 100; for other nutrients, per 1000 kcal, that is, (amount per day/ total kcal) Â 1000. Keys dietary lipid score was calculated as
where SFA is per cent energy from saturated fatty acids (SFA), PFA is per cent energy from PFA, and CHOL is dietary cholesterol per 1000 kcal. Dietary protein was partitioned into animal and vegetable sources. Urinary urea (g/24 h) was converted into urinary urea nitrogen (g/24 h) with the multiplier 0.4667 and then multiplied by 7.99 to estimate dietary total protein. 58, 63, 64 Smoking status was categorized as never smoker, ex-smoker, or current smoker for men from Japan and the PRC and for men and women from the UK and US. For Japanese women, ex-smokers were combined with never smokers since there were only 13 ex-smokers. Results are not presented for PRC women, since there were only four ex-smokers and 21 smokers among the 423 PRC women.
Means for age, years of education, and 7-day alcohol intake were compared across smoking categories for each of the seven gender-country subgroups using one-way analysis of variance, and proportions of participants on special diets were compared using the w 2 test. Means for dietary and urinary variables were compared across smoking categories using the general linear model in SPSS with adjustment for age, years of education, and field sample within each gender-country subgroup. 65 Dietary variables were also adjusted for total energy intake through use of nutrient densities.
In the general linear model analyses, where means differed significantly across the three smoking categories at the 5% level, pairwise comparisons were conducted, also at the 5% level of significance, without adjustment for multiple comparisons (Fisher's least significant difference procedure 66 ). In addition, if the P-value from the general linear model was between 0.05 and 0.10, pairwise comparisons were considered 'nominally' significant for comparisons with Po0.05. In describing the results of these analyses, any other pairwise comparison with Po0.10 is described as nonsignificantly lower or higher, depending on the direction of the difference. Variables for which no P-values were less than 0.10 are described as having no differences across smoking categories.
As noted above, P-values were not adjusted for the number of comparisons made, and thus those cited should be viewed only as guides.
Results
Descriptive statistics by smoking status, country, and gender For six of seven gender-country subgroups, exsmokers were older on average than never smokers or current smokers (Table 1) . With the exception of current smokers in Japanese women, smoking status was inversely related to years of education, with never smokers having more education than exsmokers, who had more education than current smokers. Mean BMI was also generally highest in exsmokers, with never smokers having higher mean BMI than current smokers in four subgroups. Never smokers and ex-smokers were also more likely to be consuming a special diet than current smokers.
PRC menFnutrient intake by smoking status
For PRC men, smokers consumed significantly less energy from carbohydrates and significantly more energy from alcohol than never smokers (Table 2) . Smokers also excreted significantly less urinary Na than never smokers and significantly less urinary urea and K than ex-smokers, while ex-smokers consumed significantly more total and animal protein than never smokers. Smokers also had lower total energy intake, lower urea and K excretion, and higher animal protein intake, retinol intake per Dietary intake by smoking status in INTERMAP AR Dyer et al 1000 kcal, and dietary Na/K than never smokers. In addition, smokers consumed less omega 3 PFA and phosphorus, and had lower urinary Na excretion than ex-smokers, while ex-smokers had lower total energy intake and higher energy from PFA than never smokers. There were no differences by smoking status in energy from total fat, vegetable protein, SFA, monounsaturated fatty acids (MUFA), and omega 6 PFA, PFA/SFA, Keys score, dietary cholesterol, urinary Na/K, and intakes per 1000 kcal for total dietary fibre, total vitamin A, beta carotene, vitamin E, vitamin C, calcium, iron, magnesium (Mg), K, and Na.
Japanese men and womenFnutrient intake by smoking status
For Japanese men, smokers consumed significantly less energy from vegetable protein and carbohydrates, significantly more energy from alcohol, significantly lower dietary fibre, beta carotene, vitamin C, calcium, iron, phosphorus, Mg, and K per 1000 kcal, excreted significantly less urinary urea and K, and had significantly higher dietary and urinary Na/K than never smokers (Table 3) . Smokers also consumed significantly less vegetable protein, dietary fibre, calcium, phosphorus, Mg, and K, and excreted significantly less urea than ex-smokers, while ex-smokers consumed significantly less energy from carbohydrates, significantly more energy from alcohol, significantly less dietary fibre and iron, and had significantly higher dietary Na/K than never smokers. Smokers also consumed less energy from PFA and omega 6 PFA than never smokers, less energy from total fat and MUFA than ex-smokers, and less vitamin E than never smokers or exsmokers, while ex-smokers had lower values for vegetable protein, beta carotene, calcium, and dietary and urinary K than never smokers. There were For Japanese women, smokers consumed significantly less energy from total protein, vegetable protein, and SFA, significantly more energy from alcohol, significantly less dietary fibre, beta carotene, calcium, iron, phosphorus, Mg, and dietary K, excreted significantly more urinary Na, and had significantly higher dietary and urinary Na/K than nonsmokers (Table 3) . Smokers also consumed less animal protein, total fat, and vitamin E than nonsmokers. There were no differences in total energy intake, MUFA, PFA, omega 3 and omega 6 PFA, carbohydrates, PFA/SFA, Keys score, dietary cholesterol, total vitamin A, retinol, vitamin C, dietary Na, or urea and K excretion for smokers and nonsmokers in Japanese women.
UK men and womenFnutrient intake by smoking status
For UK men, smokers consumed significantly less energy from vegetable protein, PFA, omega 6 PFA, and carbohydrates, significantly more energy from alcohol, had significantly lower PFA/SFA and significantly higher Keys score, and consumed significantly less dietary fibre, vitamin E, and phosphorus than never smokers (Table 4) . Smokers also consumed significantly less vitamin C and had lower urinary Na/K than ex-smokers, while exsmokers consumed significantly less energy from vegetable protein than never smokers. Smokers also consumed less Mg and excreted less urea than never smokers, consumed less omega 3 PFA and vitamin E, excreted less urea and K, and had higher dietary Na/K than ex-smokers. Ex-smokers consumed more animal protein, less carbohydrate and dietary fibre, and had lower PFA/SFA, than never smokers. There were no differences by smoking status for total energy, total protein, total fat, SFA, MUFA, dietary cholesterol, total vitamin A, beta carotene, retinol, calcium, iron, dietary K, and dietary or urinary Na in UK men.
For UK women, smokers consumed significantly less energy from vegetable protein and carbohydrates, significantly more energy from animal protein, SFA, MUFA, and alcohol, had significantly lower PFA/SFA, consumed significantly more dietary cholesterol, had significantly higher Keys score, and consumed significantly less dietary fibre, beta carotene, vitamin E, vitamin C, iron, Mg, and K per 1000 kcal, had significantly higher dietary Na/K and urinary K and Na/K than never smokers (Table 4) . Smokers also consumed significantly less vegetable protein, dietary fibre, iron, and Mg than ex-smokers, while ex-smokers consumed significantly less dietary fibre and vitamin E, and had higher urinary Na/ K than never smokers. Smokers also consumed more total fat and less phosphorus than never smokers, and consumed more animal protein and less carbohydrate and vitamin C than ex-smokers, while ex-smokers consumed less beta carotene and had higher dietary Na/K than never smokers. There were no differences by smoking status for total energy, total protein, PFA, omega 3 and omega 6 PFA, total vitamin A, retinol, calcium, urinary urea, or dietary and urinary Na in UK women.
US men and womenFnutrient intake by smoking status
For US men, smokers consumed significantly more total energy, significantly more energy from SFA and alcohol, significantly less energy from vegetable protein, omega 3 PFA, and carbohydrates, had significantly lower PFA/SFA and significantly higher Keys score and dietary cholesterol intake, and consumed significantly less dietary cholesterol, dietary fibre, vitamin A, beta carotene, retinol, vitamin E, vitamin C, thiamine, riboflavin, niacin, folic acid, vitamin B 6 , calcium, iron, phosphorus, Mg, and K per 1000 kcal, and had significantly lower urea, K, and Na excretion than never smokers (Table  5 ). Compared to ex-smokers, smokers also consumed significantly more energy from total protein and alcohol, had significantly lower PFA/SFA, consumed significantly less vegetable protein, PFA, omega 3 and omega 6 PFA, carbohydrate, dietary fibre, total vitamin A, retinol, vitamin E, vitamin C, thiamine, riboflavin, niacin, folic acid, vitamin B 6 , calcium, iron, phosphorus, Mg, and dietary K and Na, and had significantly lower urinary urea, K, and Na excretion. Compared to never smokers, exsmokers consumed significantly more total energy and energy from alcohol, significantly less carbohydrate, beta carotene, and vitamin C, and had significantly higher urea excretion. Smokers also consumed less PFA, omega 6 PFA, and dietary Na than never smokers, and more dietary cholesterol and less beta carotene, and had a higher Keys score than ex-smokers, while ex-smokers consumed more SFA, dietary cholesterol, and dietary Na than never smokers. There were no differences by smoking status for animal protein, total fat, MUFA, vitamin D, vitamin B 12 , and dietary and urinary Na/K in US men. For US women, smokersFcompared to never smokersFconsumed significantly more energy from total fat, SFA, and alcohol, significantly less energy from vegetable protein and carbohydrates, had significantly lower PFA/SFA and significantly higher Keys score, and consumed significantly less dietary fibre, total vitamin A, beta carotene, retinol, vitamin C, thiamine, riboflavin, folate, vitamin B 6 , calcium, and iron per 1000 kcal, and had significantly lower urea and K excretion, and higher urinary Na/K (Table 5 ). Compared to ex-smokers, smokers also consumed significantly more energy from alcohol, had significantly higher PFA/SFA and Keys score, and consumed significantly less vegetable protein, PFA, omega 3 PFA, dietary fibre, total vitamin A, beta carotene, vitamin E, vitamin C, thiamine, riboflavin, folate, vitamin B 6 , calcium, and iron, and had significantly lower urea and K excretion, and higher urinary Na/K. Compared to never smokers, ex-smokers consumed significantly more total fat, PFA, omega 6 PFA, and energy from alcohol, had significantly higher PFA/SFA, consumed significantly less carbohydrate, vitamin E, vitamin C, and thiamine, and had significantly higher urea and K excretion. Smokers also consumed more MUFA and dietary cholesterol and less phosphorus than never smokers, and more SFA and less omega 6 PFA, carbohydrate, phosphorus, and dietary Na than ex-smokers, while ex-smokers consumed more omega 3 PFA and dietary cholesterol than never smokers. There were no differences by smoking status for total energy, total and animal protein, vitamin D, niacin, vitamin B 12 , Mg, dietary K and Na/K, and urinary Na in US women.
Discussion
In this report of associations of smoking with dietary intakes involving seven gender-country subgroups from INTERMAP, current smokersFcompared to never smokersFgenerally consumed more energy from alcohol and SFA, less energy from vegetable protein and carbohydrates, less dietary fibre, vitamin E, beta carotene, vitamin C, calcium, iron, phosphorus, Mg, and K per 1000 kcal, excreted less urea and K, had lower PFA/SFA, higher Keys dietary lipid scores, and higher dietary and urinary Na/K. In addition, among US men and women, smokers consumed less thiamine, riboflavin, folate, and vitamin B 6 than never smokers. For total energy intake, energy from total and animal protein, MUFA, PFA, omega 3 and omega 6 PFA, dietary cholesterol, total vitamin A, retinol, vitamin D, vitamin B 12 , and urinary and dietary Na, there were few differences between smokers and never smokers. Compared to ex-smokers, smokers also generally consumed less energy from vegetable protein, omega 3 PFA, and carbohydrates, and less dietary fibre, beta carotene, Dietary intakes of ex-smokers were generally similar to those of never smokers. However, ex-smokers generally consumed more energy from alcohol and less energy from carbohydrates than never smokers.
A previous meta-analysis of nutrient intakes in smokers and nonsmokers, based on 51 published nutritional surveys from 15 countries, found that smokers had significantly higher intakes of energy, total fat, SFA, cholesterol, and alcohol, and lower intakes of PFA, fibre, vitamin C, vitamin E, beta carotene, calcium, and iron than nonsmokers. 3 Smokers reported higher intakes of energy, total fat, and alcohol in 69.2, 68.6, and 100% of studies, respectively. Protein and carbohydrate intakes did not differ significantly between smokers and nonsmokers. In INTERMAP, smokers also consumed significantly more energy from alcohol than never smokers in all seven gender-country subgroups. However, only US male smokers consumed significantly more energy than never smokers, and only US female smokers consumed significantly more energy from total fat than never smokers. Results in INTERMAP for energy from total protein were generally consistent with results of the meta-analysis, with six of seven subgroups showing no difference. For Japanese women, smokers consumed significantly less energy from protein than nonsmokers. However, in contrast to the meta-analysis, in six of seven gender-country subgroups in INTER-MAP, smokers consumed significantly less energy from carbohydrates than never smokers, with only Japanese women showing no difference.
In the meta-analysis, SFA and cholesterol intakes were higher in smokers in 87.5 and 89.5% of studies, respectively, and PFA intake was lower in 62.5%. 3 In INTERMAP, energy intake from SFA was significantly higher in smokers than never smokers for US men and women and UK women. There was no difference for men from the PRC, Japan, and UK. For Japanese women, energy from SFA was significantly lower in smokers than nonsmokers. Dietary cholesterol intake was higher in smokers than never smokers in US men and women and UK men, with no difference for men from the PRC, Japan, and UK, and Japanese women. Smokers consumed less energy from PFA than never smokers for men from Japan, the UK, and US, with no difference for any subgroup of women and PRC men.
In the meta-analysis, intakes of fibre, vitamin E, vitamin C, and beta carotene were lower in smokers than nonsmokers in 93.7, 88.9, 61.5, and 100% of studies, respectively. 3 In INTERMAP, intake of fibre per 1000 kcal was significantly lower in smokers than never smokers in six of seven gender-country subgroups. Only PRC men did not show a significantly lower fibre intake for smokers. Vitamin E intake was lower in smokers for men and women from the UK and Japan and US men, but not for PRC men and US women. Vitamin C intake was significantly lower in smokers for US men and women, Japanese men, and UK women, with no difference for PRC and UK men and Japanese women. Beta carotene intake was significantly lower in smokers for men and women from the US and Japan and UK women, with no difference for PRC and UK men.
In the meta-analysis, calcium and iron intakes were also significantly lower in smokers than nonsmokers. In INTERMAP, calcium intake was significantly lower in smokers than never smokers in men and women from the US and Japan. There was no difference for UK men and women and PRC men. Iron intake was significantly lower in smokers in men and women from the US and Japan and UK women, while there was no difference for PRC men and UK men.
Nutrient intakes not included in the metaanalysis that have often been found to differ between smokers and nonsmokers include higher intakes of MUFA, 1,2,5,6,9,10,22,27,34,39,46 lower vitamin A intake, 1, 2, 5, 20, 35, 36, 42, 43, 45 lower thiamine intake, 1, 2, 16, 19, 21, 42, 45 and lower PFA/ SFA. 15, 21, 22, 26, 28, 29, 31, [37] [38] [39] 46 In INTERMAP, MUFA intake was higher in smokers than never smokers for UK and US women; vitamin A intake was significantly lower for US men and women; thiamine intake was significantly lower for US men and women, the only gender-country subgroups for which it was available; and PFA/SFA was significantly lower in smokers in UK and US men and women.
Other dietary variables examined here included vegetable and animal protein, omega 3 and omega 6 PFA, Keys score, retinol, phosphorus, Mg, K, Na, and Na/K, and in US samples only, vitamin D, riboflavin, niacin, folate, and vitamins B 6 and B 12 . In INTERMAP, smokers consumed significantly less vegetable protein than never smokers in men and women from Japan, the UK, and US. Only PCR men showed no difference in vegetable protein intake between smokers and never smokers. Smokers were also found to have lower intakes of vegetable protein than nonsmokers in three other studies. 6, 15, 27 Animal protein intake was higher in smokers for UK women and PRC men, but lower in smokers than nonsmokers for Japanese women. Animal protein intake has been higher in smokers than nonsmokers in some studies, 6, 9, 22 with no difference in intake in others. 21, 25, 27 No other studies have reported intakes of omega 3 and omega 6 PFA by smoking status. In INTERMAP, US male smokers consumed significantly less energy from omega 3 PFA than never smokers. There were no differences in intake for the other six gender-country subgroups. Consumption of omega 6 PFA was lower in smokers than never smokers for men from Japan, the UK, and US, with no difference for any subgroup of women and PRC men. Keys score was significantly higher for smokers for UK and US men and women. Three other studies also found a higher Keys score in smokers than nonsmokers. 1, 2, 39, 46 Previous reports of retinol intake in smokers and nonsmokers have not shown a consistent pattern, with both higher 25, 34 and lower intakes 9, 28, 38, 45 for smokers, as well as no difference. 1, 2, 15, 17, 21, 26, 28 In INTERMAP, retinol intake was nonsignificantly higher in smokers than never smokers for PRC men, significantly lower in smokers for US men and women, with no difference in intake for Japanese and UK men and women.
Few studies have examined intakes of phosphorus, Mg, and K by smoking status. In Multiple Risk Factor Intervention Trial (MRFIT) men, baseline intakes of phosphorus, magnesium, and K in mg/day were significantly higher in smokers than nonsmokers, 1,2 while intakes of phosphorus and K per 1000 kcal were significantly lower in smokers, and Mg intake per 1000 kcal was also significantly higher in smokers. An Australian study reported significantly lower intakes of phosphorus and Mg in mg/day in smokers. 19 A study from Italy reported no difference in K intake between smokers and nonsmokers. 21 In INTERMAP, smokers consumed significantly less phosphorus than never smokers for Japanese men and women and UK and US men, while UK and US women who smoked reported nonsignificantly lower intakes. Smokers also consumed significantly less Mg for Japanese men and women, UK women, and US men, with nonsignificantly lower intakes for UK men, and no difference in intakes for PRC men and US women. Potassium intake was significantly lower in smokers for Japanese men and women, UK women, and US men, with no difference in intakes for PRC men, UK men, and US women.
For nutrients available only for US samples in INTERMAP, intakes of vitamins D and B 12 did not differ by smoking status, while intakes of riboflavin, folate, and vitamin B 6 were significantly lower in smokers than never smokers for both men and women. Niacin intake was significantly lower in smokers only for US men. Other studies have reported both higher 1,2,11 and lower 1, 2, 13, 17, 35 intakes of vitamin D in smokers compared to nonsmokers. Vitamin B 12 intake has generally not varied by smoking status. 1, 2, 17 Studies that have examined intakes of riboflavin by smoking status have been inconsistent, with higher intakes, 1, 2, 14 lower intakes, 19, 42 and no difference 11, 16, 21 for smokers compared to nonsmokers reported. Other studies have also reported lower intakes of folate and vitamin B 6 for smokers compared to nonsmokers. 1, 2, 5, 17, 20, 35, 43 In MRFIT men, niacin intake in mg/ day was significantly higher in smokers than nonsmokers, while intake per 1000 kcal was significantly lower. 1, 2 Dietary Na intake in mg/day has also been found to be higher in smokers than nonsmokers in some studies. 10, 35 In MRFIT, Na intake in mg/day was significantly higher in smokers than nonsmokers, have less healthful diets than never smokers and exsmokers. Public health interventions in smokers should not only focus on helping smokers to quit but also on improving their diets in the effort to reduce their cancer and cardiovascular disease risks.
